Background: Depression and non-communicable diseases (NCDs) account for a growing burden on health systems in low-and middle-income countries (LMICs). Depression is generally associated with the outcomes of NCDs and is an important barrier to consistent NCD care management. There is great need to understand the efficacy of interventions to treat depression for people with NCDs, but there is a paucity of evidence of the efficacy of the interventions in LMICs. Therefore, the broad objective of this review is to systematically review the literature on the effectiveness of depression management among patients with diabetes and hypertension to improve outcomes. Methods: This is a systematic review to assess the evidence of the effect of depression management in diabetic and hypertensive patients on diabetes and hypertension outcomes in LMICs. Two independent reviewers will search articles on PubMed, EMBASE, PsycINFO, and Global Index Medicus. Two reviewers will then screen the articles independently based on predefined criteria. We will use standard methods as recommended by the Cochrane Collaboration of assessing quality of evidence and publish our report using the PRISMA guidelines. Discussion: The findings from this review will provide evidence to be used in guiding practice and policy on how to integrate depression management in diabetes and hypertension clinics. Systematic review registration: PROSPERO CRD42017068257
Background
Non-communicable diseases (NCDs) are a growing burden on the health systems in low-and middle-income countries (LMICs) [1, 2] . Studies show that the comorbidity of depression and chronic diseases such as diabetes is common in LMICs and they are significant causes of morbidity, disability, and mortality [3, 4] . Depression is a mood disorder characterized by changes in ones feelings (e.g., feels sad or empty), physical status (e.g., loss of energy), thought process (e.g., diminished ability to think or concentrate, or more indecisiveness), and behavior (e.g., thoughts of death or suicide) [5] . Depression is estimated to affect 350 million people worldwide [6, 7] . The prevalence of comorbidity of physical NCDs, such as diabetes and hypertension, and depression is increasing. The 12-month prevalence of comorbid depression with NCDs worldwide is between 9.3% and 23.0% of people [8, 9] . Depression affects one in three people with hypertension [6] while one in four patients with diabetes have depression [10, 11] . Modifiable risk factors for NCDs are exacerbated by poor mental health, and on the other hand, NCDs are a risk factor for depression [12] . Evidence indicates a bidirectional relationship between depression and individual chronic diseases [10] ; for instance, depression increases the risk of the development of type 2 diabetes and subsequent risks of hyperglycemia [11] . Furthermore, a diagnosis of type 2 diabetes increases the risk of depression and can contribute to a more severe course of depression [11] . Some studies have found non-adherence to prescribed medication among cardiovascular diseases (CVD) patients with depressive symptoms [13, 14] . Non-adherence to medication has been suggested to be a contributor to the increased morbidity and mortality seen in CVD and comorbid mental disorders [15] . Many studies that examined the prevalence of depression among patients with diabetes mellitus and hypertension recommend including routine screening of depression in patients with diabetes or hypertension and referral for appropriate management [16] [17] [18] [19] .
A systematic review by Mendenhall et al. showed that one in three people with diabetes in LMICs has co-morbid depression which is suggested to be higher than in higher income countries [2] . As such, the review concluded that there is need for integrating mental health care into diabetes care within LMIC health systems. Furthermore, the review recommended the need for research around the cost of oversight of mental health problems among people with chronic illness in LMICs [2] . The review highlighted that treating depression among people with diabetes is cost-effective in high-income countries (HICs) [2] . The observation made in the Mendenhall review confirms findings of another systematic review of comorbid depression and diabetes in the USA (by Atlantis et al.) which suggested that collaborative care for depression significantly improves both depression and glycaemia outcomes [20] . The systematic reviews from HICs indicate that collaborative care is more effective than usual care for improving depression outcomes in people with comorbid diabetes [20] [21] [22] ; however, there is paucity of data on the effect of treating depression among patients with diabetes and hypertension in LMICs. The National Institute for Health and Care Excellence (NICE) guidelines for depression in adults with a chronic physical health problem, such as diabetes and hypertension, recommend collaborative care [23] . Accordingly, there is great need to understand the efficacy of interventions to treat depression for people with chronic disease since the Mendenhall review did not address the efficacy of interventions. The Atlantis review looked at intervention efficacy but did not identify LMIC studies for inclusion. Therefore, our systematic review will assess the evidence of the effect of management of depression in diabetic and hypertensive patients on diabetes and hypertension outcomes in LMICs. Our review also aims to identify efficacy LMIC studies that may have been missed by previous studies by searching the Global Health database and using search terms to identify LMIC studies. The systematic review will inform practice and policy on the need to integrate depression management in the management of patients with diabetes and hypertension.
Methods
Our objective is to identify studies examining the effect of depression management on diabetes and hypertension outcomes. We will use the Cochrane Collaboration Handbook [24] as the systematic review guide in conducting the systematic review. We will utilize the Preferred Reporting Items of Systematic Reviews and Meta-Analyses Protocol (PRISMA) [25, 26] guidelines in reporting the review. The protocol has been registered on the PROSPERO database (Ref: CRD42017068257) and will follow the Preferred Reporting Items of Systematic Reviews and Meta-Analyses Protocol (PRISMA-P) guidelines [27] .
Data sources and searches
We will search four databases from 1990 to present: PubMed, EMBASE, PsycINFO, and Global Index Medicus. We will include all studies from 1990 because we anticipated that adequate number of studies would have been published thereafter to meaningfully examine the effectiveness of depression management on NCDs in LMICs. The search strategy will include the search concepts (1) depression, (2) interventions for depression management, (3) diabetes or glycemic control or hypertension or blood pressure control, and (4) LMICs. Appropriate controlled vocabulary words will be tailored to each database. Some of the search terms are based on existing reviews [2, 6, 20, 28] . We have developed an electronic search strategy of combined search terms for one database as shown in Table 1 . We will also search reference lists of all studies that will meet our inclusion criteria and relevant systematic reviews for additional potentially eligible primary studies. Authors of included reviews will be contacted to clarify reported published information and to seek unpublished results. We will perform a forward citation search to identify additional studies. Appendices for all strategies used, including a list of sources screened and relevant reviews or primary studies reviewed, will be provided. We will exclude non-English articles during the full-text screening stage as resources are not available to translate the data. Any potentially relevant non-English articles will be listed in review to indicate further available evidence.
Eligibility criteria
Any studies that examined the outcomes of an intervention for depression management on diabetes or hypertension outcomes (HbA1c, fasting blood glucose, depression scores, and blood pressure (BP) measurements) for patients with diabetes mellitus or hypertension will be eligible for inclusion. The minimum and maximum time periods for follow-up of diabetes and hypertension health outcomes will be 3 and 12 months respectively.
Depression is a mood disorder characterized by changes in ones feelings (e.g., feels sad or empty), physical status (e.g., loss of energy), thought process (e.g., diminished ability to think or concentrate, or more indecisiveness), and behavior (e.g., thoughts of death or suicide) [5] .
Hypertension is defined as systolic BP level of ≥ 140 mmHg and diastolic BP of ≥ 90 mmHg [29] . The diagnostic of hypertension is made when the average of two or more diastolic BP measurements on at least two subsequent visits is ≥ 90 mmHg or when the average of multiple systolic BP readings on two or more subsequent visits is consistently ≥ 140 mmHg.
Diabetes is defined as a group of metabolic diseases characterized by hyperglycemia resulting from defects in insulin secretion, insulin action, or both [30] . The criteria for diagnosis of diabetes include a fasting plasma glucose (FPG) level > 126 mg/dl (7.0 mmol/l) or a casual plasma glucose > 200 mg/dl (11.1 mmol/l) or HbA1C test with a threshold of ≥ 6.5% meets the threshold for the diagnosis of diabetes [30] . We will only include type 2 diabetes in our review; thus, type 1 diabetes and gestational diabetes will be excluded.
The following PICOS describes the review inclusion criteria and search strategy concepts:
Population: Adults (18 years or older) suffering from diabetes or hypertension or both conditions. Intervention: Depression management interventions including screening strategy for depression, psychological intervention, or medication management.
Comparator: No routine screening or diagnosis for depression in patients with diabetes or hypertension.
Outcome: Diagnosis of depression; HBA1c, fasting blood glucose, blood pressure control, and depression scores.
Study design: Randomized control trials and quasi-experimental and observational studies will be eligible for inclusion because of paucity of data from LMICs.
Setting: Primary and secondary health care service delivery in LMIC. We only include studies conducted in the low-income countries and the lower-middle income countries as defined by the World Bank [31] .
We will exclude studies involving patients less than 18 years old and those with additional co-occurring medical conditions.
Study selection
We will download all titles and abstracts retrieved by electronic searching to Endnote and remove duplicates. Two reviewers [MU and MN] will independently screen the titles and abstracts for inclusion. We will retrieve the full-text study reports/publication, and two reviewers [MU and MN] will independently screen the full text and identify studies for inclusion and identify and record reasons for exclusion of the ineligible studies. We will resolve any disagreement through discussion or, if required, we will consult a third reviewer [MM] for consensus agreement. We will list studies that initially appeared to meet the inclusion criteria but that we later excluded. We will collate multiple reports of the same study so that each study rather than each report is the unit of interest in the review. We will also provide any information we can obtain about ongoing studies. We will record the selection process in sufficient detail to complete a PRISMA flow diagram.
Data extraction and management
We will use the Cochrane EPOC (Effective Practice and Organisation of Care) data collection form and adapt it for our study characteristics. We will pilot the form and adjust accordingly to suit the required study characteristics. We will include studies reported in full. Abstracts will be excluded if they do not have sufficient data. Two reviewers [MU and MN] will independently extract the following study characteristics from the selected studies: study design, setting, and number of participants; intervention characteristics (type of intervention, intensity of the intervention, content of the intervention, and where intervention was given); and comparison group and outcomes (primary outcomes: glycated hemoglobin (HBA1c), blood pressure control, and depression scores).
Risk of bias assessment
Two reviewers [MU and MN] will independently assess risk of bias for each study using the criteria outlined in the Cochrane Handbook for Systematic Reviews of Interventions [24] . Any disagreement will be resolved by discussion or by involving a third reviewer [MM] . We will assess the risk of bias according to the following domains: (1) random sequence generation, (2) allocation concealment, (3) blinding of participants and personnel, (4) blinding of outcome assessment, (5) incomplete outcome data, (6) selective outcome reporting, (7) baseline outcomes measurement, (8) baseline characteristics, and (9) other bias. We will judge each potential source of bias as high, low, or unclear and provide a quote from the study report together with a justification for our judgment in the "risk of bias" table. We will summarize the "risk of bias" judgements across different studies for each of the domains listed. We will consider blinding separately for different key outcomes where necessary. Where information on risk of bias relates to unpublished data, we will note this in the "risk of bias" table. We will not exclude studies on the grounds of their risk of bias, but will clearly report the risk of bias when presenting the results of the studies. When considering treatment effects, we will take into account the risk of bias for the studies that contribute to that outcome. We will use the Grading of Recommendations, Assessment, Development and Evaluation (GRADE) criteria in assessing the overall quality of evidence for specific quantitative outcomes.
Data synthesis
We will follow data synthesis methods proposed in the PRISMA [25, 26] and Cochrane [24] publications. We will report studies using descriptive statistics. We will do both narrative synthesis and meta-analysis. In narrative synthesis, we will do structured synthesis using descriptive statistics and might use forest plot if necessary. A funnel plot will also be used to explore publication bias. In order to facilitate meta-analysis, prevalence data will be transformed using appropriate statistical methods. We will standardize data on the effects of depression management. We will assess methodological and statistical heterogeneity using I 2 . We will use Stata v.14 in the absence of statistically significant heterogeneity to pool and analyze the data using the random effects model in the event of multiple interventions or multiple outcomes. We will conduct sensitivity analyses on study quality and patient-related heterogeneity in order to explore the robustness of the results of the primary outcome.
Discussion
We will report the findings from this review according to the PRISMA [25, 26] . The discussion will be drawn from findings of the synthesis. Practice-and policy-relevant aspects of applicability will be addressed in this section. The proposed systematic review will provide evidence which will be used in guiding practice and policy on how to integrate depression management in diabetes and hypertension care to improve patient outcomes.
Potential limitations of review methods
These review findings may have a bias introduced by limiting the language to English-only articles published since 1990. The review team does not have the capacity to translate languages. The protocol will be revised to include studies published before 1990 if very few post-1990 are identified.
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